Local anesthetic and toxicity studies on a series of 16 basic alkyl esters of substituted pyrrolidine dicarboxylic acid have been reported from this laboratory.5 Further pharmacological studies have been made on these compounds and this report is concerned with their action on the smooth muscle of the intestine and uterus and on the blood pressure.
The series of compounds is as follows: The compounds differ from each other principally in the substitution of various radicals on the nitrogen atom in the pyrrolidine nucleus. Fifteen of the compounds are dibasic alkyl esters and one is a monobasic alkyl ester. Of the di-esters 12 are P-diethylaminoethyl esters and 3 are y-diethylaminopropyl esters. Hereafter the various compounds will be referred to by the name of the radical substituted on the nitrogen atom in the pyrrolidine nucleus. The monobasic and propyl esters will be so indicated.
Methods
Intestine in situ: Cats anesthetized with 30 mg. per kilo of nembutal were used for the in situ experiments. In the early experiments a balloon was inserted in the duodenum through an incision in the pyloric end of the stomach. Kymograph recordings were made from the balloon according to the method of Krop and Loomis.' The recordings so obtained are principally those of the activity of the circular muscle of the intestine. In other experiments, longitudinal contractions of the duodenum were recorded by the use of a modified type of Jackson's internal organ apparatus.2 In later experiments records were made with the two types of apparatus simultaneously attached to the same and to different segments of the duodenum. Barium chloride and pitressin were used as controls for increased motility and tonus of the gut. Papaverine and trasentine hydrochloride* were used as spasmolytic controls following the induction of spasm by the use of barium chloride. All compounds were dissolved in physiological saline as previously reported5 and were administered by injection into a femoral vein in a volume of 1 cc. followed by 2 cc. of physiological saline as wash solution.
Isolated intestine: Contractions of the isolated duodenum of the cat and rabbit were recorded by the use of the same apparatus as was used in the in situ experiments. A segment of duodenum was removed from the animal and suspended in oxygenated Ringer-Locke's solution' in a constant-temperature bath at 37.5°C. All compounds were added to the bath in solution in the Ringer-Locke solution. In addition to the control drugs used in the intact preparations, acetylcholine was used as a spasmodic drug and atropine sulfate as a spasmolytic control drug.
Uterus: Experiments on the uterus in situ were made simultaneously with the intestinal studies. One horn of the cat uterus was attached to a modified type of Jackson's internal organ apparatus' and kymograph recordings were made. The isolated uterus experiments were carried out by the usual method of suspending one horn of a cat uterus in a constant-temperature bath. The bath and nutrient solution was the same as that used in the intestinal studies.
Pitocin was used as a spasmodic control drug and trasentine hydrochloride was used as a spasmolytic control drug.
Blood pressure, etc.: The effect of intravenously administered pyrrolidine compounds on the arterial blood pressure and heart rate was recorded simul-* Crystalline trasentine hydrochloride used in this study was generously contributed by Ciba Pharmaceutical Products, Inc. .,1 taneously with those studies which were made on the intestine and uterus. A calibrated glass membrane manometer' attached to the conventional carotid artery cannula was used. Chlorazol Fast Pink BKS4 was used. as the anticoagulant and was introduced directly into the cannula: this maneuver allowed only a minimal amount of it to enter the systemic circulation. The respiratory rate was determined by the respiratory waves in the blood pressure record.
Intestinal studies Results: Fourteen of the 16 pyrrolidine compounds were found to increase the frequency and amplitude of the tonic contractions and the level of tonus in the circular muscle of the intact cat duodenum -to ----= various degrees of decreased activity. + to ++++ = varicus degrees of increased activity.
The above data are a summa.y of at least three determinations for each compound with each determination made on a different cat.
In all isolated preparations 1 0 mg. % (bath concentration) of BaCl2 were added and when the maximum increased tonus level was reached the indicated quantity of the compounds was added to the bath. In all intact preparations 2 mg./kg. of BaCl2 were injected intravenously, and wlhen the maximum increased tonus level was reached the indicated dose of the compounds was given by vein.
dine derivatives to produce a spasmolytic response in both muscle groups of the intestine possibly was due to insufficient dosage. In the intact preparation it was not possible to increase the dosage above the range listed in table 1 because of the lethal effect on the animal.
In the isolated preparation, however, when the dose of the pyrrolidine compounds was increased, it was found that the difference in the type of response between the circular and longitudinal muscle became more apparent. That is, both the longitudinal spasmolytic and the circular spasmodic responses increased in magnitude as the dose was increased over the concentration range of 1 to 20 mg. per cent. Stimulation of the circular muscle in the absence of stimulation of the longitudinal muscle of the intestine is not a new type of response to a drug. The so-called "splinting" action of morphine on the gut has been reported to consist of a spasm in the circular muscle with little or no spasm and possibly a relaxation of the longitudinal muscle.7 One experiment using our apparatus confirmed this action of morphine sulfate.
The degree of response of the circular and longitudinal muscle of the duodenum following a given dose of the control drugs was dependent on the initial level of tonus of the muscle. Therefore, after the induction of a barium spasm, trasenitine or papaverine produced a more marked relaxation (together with a maximal fall of tonus to a lower level) than was observed using the same doses before the induction of a barium spasm. In a similar manner the benzyl and cyclohexyl derivatives produced a definite spasmolytic response in the barium-induced spastic gut of the intact animal, whereas these compounds produced only a slight to moderate change in the pattern of spontaneous contraction of the normal duodenum.
Uterine studies
Results: Eleven of the 16 pyrrolidine compounds were found to produce an increase in the tonus level and in the frequency of contractions of the intact uterus of the cat (table 4). The most active derivative was the 3-methoxy ethyl compound. Twenty mg. per kilogram of this compound produced a spasmodic response equivalent to that produced by 0.15 units per kilogram of pitocin (Fig. 5) . With the butyl, benzyl, phenyl (propyl ester), and n-hexyl derivatives the intensity of the spasm following the highest doses was not as great as that produced by 0.25 units per kilogram of pitocin. The phenyl, 2, 4-dimethyl phenyl, 3, 5-dimethyl phenyl, o-methyl phenyl, and p-chlorophenyl derivatives produced no change in the normal rhythm of spontaneous uterine contractions in the intact uterus. Discussion: It was noted (as with the intestine) that the effectiveness of certain of the pyrrolidine compounds, as well as that of trasentine and papaverLne, in decreasing the activity of the uterine muscle was dependent on the state of tonus of the muscle at the time of addition of the drug. The o-methyl phenyl and 2, 4-dimethyl phenyl derivatives had a slight to moderate relaxing effect on the normal isolated uterus. After the induction of a barium spasm, however, these compounds in the same doses produced a definite marked spasmolytic response.
The derivatives of pyrrolidine which were inactive on the normal intact uterus are all aromatic derivatives. In contrast, all those compounds which showed significant spasmodic activity (that is, a spasm equivalent to at least that induced by 0.15 units per kilogram of pitocin) are aliphatic derivatives. The\ benzyl compound is classified as an aliphatic derivative.
The series of intact preparations which were studied included three pregnant cats. There was no demonstrable difference in these animals in the range of effective doses of either pitocin, ,-methoxy ethyl, or the phenyl derivatives as compared with non-pregnant cats. Blood pressure studies, etc. Results: All of the 16 pyrrolidine compounds produced a depressor response. A typical record is presented in Fig. 1 . The type of depressor response was that of a rapid decline in blood pressure, starting immediately after the intravenous injection and reaching a maximum fall in two to four minutes followed by a gradual return to normal over an additional period of from five to ten minutes, depending on the dose. T-he intensity of the depressor response varied directly with the dose administered within the range studied. However, there was a large variation in the degree of depressor activity between the various compounds in this series following a given dose (Fig. 6) No consistent changes in the type of respiration or in the respiratory rate were observed in the anesthetized cat following intravenous injection of the pyrrolidine compounds until nearly lethal doses were administered. Nearly lethal doses produced a fall in respiratory rate, which returned to normal as the blood pressure returned to normal. Discussion
The marked depressor action of most of the pyrrolidine derivatives determined the limits of the dosages which could be given intravenously to the anesthetized animal. In each of at least two, experiments with each cormpound there was a 100 per cent fall in blood pressure, and the animals died following a dose of 10 mg. per kilogram with six of the derivatives (Fig. 6) . Five of these compounds are aromatic derivatives. The two compounds (ethyl and 3-methoxy ethyl) which did not produce a complete fall in blood pressure in doses of less than 70 mg. per lilo are aliphatic derivatives. In general, the aliphatic derivatives, and particularly those with a short chain, are less potent depressor agents than are the aromatic derivatves in this series of compounds.
In a previous report on the toxicity of these pyrrolidine deriva--tives, it was found that those compounds having an LD50 (mouse, intraperitoneal) greater than 1 gram per kilogram were the ethyl, ,-methoxy ethyl, and benzyl derivatives. The ethyl and 3-methoxy ethyl compounds are the least active depressor members of the group as measured in cats. Furthermore, the compounds having an LD5i in mice of less than 400 mg. per lilogram are the n-butyl, cyclohexyl, p-chlorophenyl, P-phenyl ethyl, phenyl (propyl ester), 3, 5-dimethyl phenyl, and the o, m, and p-methyl phenyl deriva--tives. With the exception of the n-butyl member of this group, all these compounds produced a 100 per cent fall in blood pressure in cats with a dose -of less thain 40 mg. per kilogram. Therefore, the compounds which were more toxic for the mice, as measured by the LD50, are likewise more toxic for the anesthetized cat, as measured by depressor activity.
Summary and conclusions Sixteen pyrrolidine compounds were studied with respect to their effect on the smooth muscde of the intestine and uterus and on the blood pressure of intact anesthetized cats. In addition, the effect of these compounds on the isolated uterus of the cat and on the isolated intestine of the cat and rabbit was studied.
Fourteen of the compounds produced a spasmodic response in the circular muscle of the intact duodenum of the cat. A dose of 15 mg. per kilogram of the most active derivative in the group (cyclohexyl derivative) was equivalent in spasmodic activity to that of 2 mg. per kilogram of barium chloride' Tihis dose of the cyclohexyl compound produced simultaneously an 85 per cent maximal fall in blood pressure. After inducing a barium spasm in the intact duodenum, three representative members of the group produced either no change or an increased spasmodic response which was added to the existing barium spasm in the circular muscle, but there was a simultaneous spasmolytic response in the longitudinal muscle. In contrast to this, the control drugs (itrasentine and papaverine) produced a spasmolytic response in both the circular and longitudinal muscle groups in the barium-induced spastic duodenum.
Eleven of the 16 pyrrolidine compounds produced a spasmodic response in the intact uterus of the cat. The ,3-methoxy ethyl derivative was the most active conmpound and was effective in doses which had little or no effect on the blood pressure. This compound, in doses of 10 to 20 mg. per kilogram, produced a spasm in the uterus which was equivalent to that produced by 0.15 to 0.25 units per kilogram of pitocin. In the isolated preparation, two representative compounds (benzyl and ,-methoxy ethyl), from the group which showed spasmodic activity in the intact preparation, also produced an increased spasmodic response when added to a pre-existing barium spasm.
Of the five pyrrolidine derivatives which produced no alteration in the normal pattern of spontaneous contraction of the intact uterus, three produced a slight to moderate relaxation of the isolated uterus. Of these the o-methyl phenyl and 2, 4-dimethyl phenyl derivatives showed a marked spasmolytic response on the isolated 'uterus which was in a 'barium-induced spasm, but only in doses which would be lethal or nearly lethal in the intact animal.
All the pyrrolidine compounds produced a fall in arterial blood pressure and heart rate when injected intravenously in cats. There was a large variation in the depressor response between the various compounds following a given dose. Six derivatives produced a 100 per cent fall in blood pressure and heart rate, with death of the animal, after a dose of 10 mg. per kilogram. Two derivatives (ethyl and ,-methoxy ethyl) caused a fall in blood pressure of 15 per cent or less at this dose.
